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ABSTRACT 
The Northwood site (12Vi194) in northern Vigo County is attributed to the Late Middle 
Woodland culture known as Allison-LaMotte.  Previous studies at other Allison-LaMotte sites 
are inconclusive regarding the village structure of this culture.  While some studies identify a 
habitation zone surrounding a circular plaza, other Allison-LaMotte sites lack an observable 
spatial layout to the site.  Magnetometry studies completed at the Northwood site in 2005 reveal 
a possible semi-circular community pattern with a central plaza.  This study employed the 2005 
magnetometer survey data, magnetic susceptibility, ground penetrating radar (GPR), and 
geochemical analyses to confirm the hypothesized site organization.  Magnetic data from the 
magnetometer survey and magnetic susceptibility of artifact classes were compared to identify 
sources of magnetic anomalies.  The map produced by magnetometry was compared with the 
GPR map to identify overlaps in possible pit features and the plaza zone.  Excavating in 
locations identified as magnetic anomalies allowed for ground truthing survey results and 
collecting magnetic susceptibility measurements and soil samples for geochemical analysis.  
Geochemical analyses included detailed phosphorus geochemistry, total organic matter content, 
and organic carbon enhancement of soils collected from the site.  Finally, determination of the 
source and strength of feature magnetic signals were analyzed using magnetic susceptibility and 
magnetometer data.  These investigations provide better estimates of site spatial structure at the 
Northwood Site. 
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CHAPTER 1 
 
INTRODUCTION 
Archaeologists typically interpret Native American social complexity and settlement 
organization during multiple time frames.  For the most part, these aspects of culture are 
reflected within the spatial layout of archaeological sites.  Simple societies tend to have 
unplanned community structures, often because the people do not live in a single place for very 
long.  More complex societies display varying degrees of community organization and planning.  
Unfortunately, little is known for certain regarding these aspects of Middle Woodland (200-500 
A.D.) cultures in the lower Wabash River Valley.   The previous exploration of one such culture, 
known as Allison-LaMotte, has yielded varying site spatial patterning. 
While exploring the Illinois Wabash Valley, Winters (1967) identified two cultures that 
are now considered one, Allison and LaMotte.   In this survey, he noted that some Allison-
LaMotte sites exhibit a similar pattern, a circular central plaza surrounded by densely scattered 
residential debris.  This pattern is observed at several Allison-LaMotte sites, but not all.  Pace 
and Apfelstadt (1978) excavated the Daugherty-Monroe site in Sullivan County, Indiana, which 
did not reveal a central plaza. 
The Northwood archaeological site (12Vi194) is located in Vigo County, Indiana, 
adjacent to the Northwood subdivision.  Detailed excavation of this site has been conducted by 
the Indiana State Archaeology and Quaternary Research Laboratory intermittently since 1992.   
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The site was first reported by Helman (1952) and believed to be associated with the near-by 
Modisett Mound Group (12Vi1 and 12Vi2) (Adderley 2001).  In the process of excavation, this 
site was determined to be an Allison-LaMotte site based on the diagnostic artifacts present.  
Previous excavation, as well as magnetic data collected in 2005 (Stafford 2007), revealed a 
potential central plaza as described at other Allison-LaMotte sites.   
Excavations after the interpretation of magnetic data focused on ground-truthing 
magnetic anomalies that were discovered.  Although many of these anomalies did identify 
features, further work, such as exploring other forms of geophysical survey, geochemical 
analysis, and dissecting magnetic signals of different strength, were required to verify the 
community pattern within this archaeological site.  Ground Penetrating Radar (GPR) was used in 
conjunction with previously collected magnetic survey data to enhance site structure analysis.  
Geochemical analysis of phosphorus and carbon were analyzed as an indicator of intra-site areas 
of human trash disposal and soil modification.  Finally, dissecting magnetic signals of feature 
content, a relatively unstudied aspect of archaeological geophysics, is also addressed to parse out 
the major contributors to the magnetic signal detected in the magnetometer survey.  The 
magnetic signal of pit feature contents and soil attributes were examined to determine if a 
correlation can be drawn between pit feature characteristics and the magnetic variability 
collected in the magnetic survey.  When assembled, these physical and chemical characteristics 
of the site allow for a better understanding of the site structure at the Northwood site. 
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CHAPTER 2 
 
LITERATURE REVIEW 
Allison-LaMotte Culture 
The Allison-LaMotte culture was a late Middle Woodland to early Late Woodland (200-
600 A.D.) culture expressed in the Wabash Valley of central Indiana and Illinois (Winters 1967).  
This culture was first described by Winters in 1967 and later redefined by Pace and Apfelstadt in 
1978.  In Indiana, this culture often occurs between the modern cities of Terre Haute and 
Vincennes, with more than 100 sites already discovered in both Indiana and Illinois (Redmond 
and McCullough 2000).  Through multiple site investigations a detailed description of the 
regional culture can be inferred, including settlement site organization, material culture, 
subsistence structure, and associated mound building. 
Site organization is an important aspect of the Allison-LaMotte culture.  Typically, 
villages are semi-permanent and form a “C” or circular shape with a central plaza (Winters 1967; 
Redmond and McCullough 2000).  This central plaza is often devoid of archaeological pits or 
midden deposits, indicating this area was kept clean, possibly for ceremony (Pace and Apfelstadt 
1978).  Winters identified the Bumble Bee Site in Illinois as site showing a plaza surrounded by 
a midden (Fig. 1; Winters 1967).  Sites are usually located in formerly forested, flood-free areas 
(Adderley 2001).  Although no permanent house structures were discovered at the Northwood 
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site, examples of dwelling outlines in the form of post patterns are present at the Daugherty-
Monroe Site in Sullivan County, Indiana (Pace and Apfelstadt 1978).   
Pottery from Allison-LaMotte sites are a mixture of ceramic types, including Stoner and 
Embarrass series. Both of these pottery traditions are simple stamped or cord marked (Redmond 
and McCullough 2000) with grit temper (Adderley 2001).  The Allison-LaMotte culture used the 
Lowe Flared Base Point projectile point (Redmond and McCullough 2000), identified by bifacial 
beveling on long, triangular blades with flared stems (Pace and Apfelstadt 1978). 
The Daugherty-Monroe site yielded the best indication of the Allison-LaMotte 
subsistence patterns.  Deer (Odocoileus virginianus), turkey (Meleagris gallopavo), and raccoon 
(Procyon lotor) bones were located in pit features of this site (Pace and Apfelstadt 1978), but 
lesser game animals and fish are also associated with this culture (Redmond and McCullough 
2000).  Plant remains such as maygrass (Phalaris spp.), knotweed (Polygonum spp.), and squash 
rind (Cucurbita spp.) (Redmond and McCullough 2000) indicates plant cultivation in gardens.  
In other words, the people were likely horticulturalists.  Nutshell and wild plant seeds were 
recovered (Pace and Apfelstadt 1978), indicating that a range of wild foods were incorporated 
into the diet as well. 
Mound groups are often nearby Allison-LaMotte sites.  The Northwood Site is probably 
associated with the Modesitt Mound group located approximately 100 meters to the west.  Other 
Allison-LaMotte sites, including Daugherty-Monroe, Stoner, Lowe, and Darwin also exhibit 
nearby mound systems (Adderley 2001).  These mound sites, along with the previously 
mentioned house structures, pits, and midden, indicate a long-term occupation. 
 
 
5 
Geophysical Prospection 
GPR, magnetometry, and magnetic susceptibility serve specific purposes in locating and 
analyzing archaeological deposits at the Northwood site and interpreting its spatial structure.  
Initial discovery of features and the delineation of the plaza area rely on both GPR and 
magnetometry, while identifying magnetic properties within features utilizes magnetic 
susceptibility.  Use of geophysical instruments has become a standard approach to the study of 
sites and deposits by archaeologists.   
Magnetometery 
Modern archaeology uses a diverse array of tools to observe the site subsurface.  Many of 
these tools, including geophysical survey devices, are implemented at the sites prior to intensive 
excavation.  An array of geophysical survey devices may be used to accomplish this task.  
Schmidt (2002) describes two different kinds of geophysical prospecting techniques: active and 
passive techniques.  Active techniques involve penetrating the ground surface with signal waves; 
whereas passive techniques use physical characteristics of subsurface anomalies without the aid 
of signal-producing devices.  Based on these definitions, the magnetometer and magnetic 
susceptibility meter are passive techniques whereas the ground penetrating radar is active 
(Schmidt 2002) as applied to the Northwood site.  Archaeological sites have been identified 
using a variety of magnetic properties, including using magnetometers, magnetic susceptibility 
meters, magnetic resistivity meters, and electromagnetic meters (Chianese et. Al. 2004; Issacson 
et. al. 1999; Schmidt 2007).   
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Figure 1: The Bumble Bee Site from Winters (1967).  This site from the Illinois Wabash River 
Valley demonstrates the circular village surrounding a plaza, an attribute of some Allison-
LaMotte sites.  Allison-LaMotte is a culture from the Late Middle Woodland (200-600 A.D.). 
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The magnetometer survey completed in 2005 serves as the principal geophysical survey 
technique used at the Northwood site (Stafford 2007).  Magnetometer surveys can be particularly 
useful in producing a “map” of subplow zone features.  These devices, when used properly, 
detect magnetic field variations (magnetic anomalies) as signals in nanoteslas (nT) (Aspinall et 
al. 2008).  A Fluxgate Gradiometer was used in the 2005 survey.  Fluxgate Gradiometers consist 
of two magnetic cores at opposite ends of the magnetometer.  The first magnetic core induces an 
electrical current while the second detects the changes in electrical currents (Alldred 1964).  The 
difference between the first core and the second distinguishes the variation within the local 
magnetic field, thus producing a map of magnetic anomalies of varying intensity. 
Employing magnetic surveys allows for a non-invasive exploration of the subsurface; this 
preserves the site from possible damage sustained in digging blindly.  In addition, magnetic 
surveys potentially identify artifacts and human-modified landscape because of their magnetic 
properties, for example fire cracked rock, ceramics, hearths, as well as disturbed soil such as 
ditches and pits (Schmidt 2002).  Detecting these subsurface objects and features enhances the 
archaeologist’s ability to properly plan and execute site excavation.  Magnetic surveys also have 
disadvantages.  Often, areas have high background noise which mutes archaeological signal.  
Historic metallic objects, historic spoil, or even recent burning may mask the prehistoric signal at 
archaeological sites.  Soil parent material may also affect magnetic detection.  Different types of 
soil have different magnetic properties, which may alter the ability to see archaeological features 
(Tite 1972).  Finally, some magnetic survey equipment may introduce noise depending on how 
the equipment is used.   Devices such as the magnetometer require a steady gait without jostling 
the device or noise will be introduced.   
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Because this method of prospecting is useful despite its drawbacks, scientists have 
completed studies on different magnetic variables.  Soil content may significantly affect the 
usefulness of magnetic prospecting studies.  Two studies, completed in England and Bulgaria, 
examine the effects of soils or sediment properties on magnetism.  Tite (1972) explored soil 
parent material in relation to magnetic properties, in particular, how soil type influences the 
magnetic signal, whereas Jordanova et al. (2001) explored burnt clay.  Tite (1972) examined 100 
samples of topsoil from England and compared soil magnetics and parent material.  Soils may 
have higher or lower intrinsic magnetism based on the geologic derivation of the soil’s parent 
material.  Logically, soils derived from geologic units with higher iron content will typically 
exhibit higher magnetism (Tite 1978).  This revelation is important for archaeologists to keep in 
mind.  Knowing that soils with higher than normal ferromagnetic mineral content will assist 
archaeologists in interpreting magnetic survey results.  Without knowing this, false 
interpretations or an excess of background noise is possible.  Soil from the Northwood site is 
derived from a glacial outwash terrace consisting of sand and pebbles of various rock types 
including limestone, sandstone, and granite.  The parent material at this site contains little 
remnant magnetism, permitting the use of the magnetometer.    
Jordanova et al. (2001) utilized 212 samples of burnt soil: clay plaster from kilns, ovens, 
or hearths; and brick to determine the magnetic signal using a Barrington Kappa Magnetic 
Susceptibility Meter.  Variations in clay magnetism were discovered, for example the bricks had 
relatively constant magnetic susceptibility while the other materials had variable magnetic 
susceptibility (Jordanova et al 2001).  The authors attribute these differences to constant heating 
of the bricks and variable heating for the other materials.  Differential heating, like parent 
material magnetism, is important for archaeologists to recognize in order to identify subsurface 
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features.  Hearths have been observed in Allison-LaMotte sites (Pace and Apfelstadt 1978; 
Winters 1967).  The variable heating caused by these hearths, as well as other heated materials 
such as fire-cracked rock and ceramics, produced visible magnetic signals during the 
magnetometer survey at the Northwood site. 
Magnetic Susceptibility 
Magnetic susceptibility is another useful magnetic tool employed by archaeologists.  This 
type of survey measures the magnetic potential of different objects such as soil, rock, and 
artifacts (Dalan and  Banerjee 1998; Dearing 1999).  Scientists have explored magnetic 
susceptibility at archaeological sites, yet it is not employed as often as other magnetic methods 
(Gaffney 2008).  Dalan et al. (2010) explored this phenomenon while attempting to locate grave 
shafts in multiple cemeteries throughout the Midwestern United States.  This study successfully 
identified variations between the natural soil magnetic susceptibility and that of soil disturbed by 
digging grave shafts.  Dalan and Banerjee (1998) indicate there are multiple uses of magnetic 
susceptibility including soil susceptibility measurements and archaeological artifact 
susceptibility measurement, especially on objects such as ceramics.  
Magnetic susceptibility in soils results from a redox reaction, altering weakly 
ferromagnetic iron oxide to a more strongly ferromagnetic form (Tite and Mullins 1971).  
Archaeological sites contain many scenarios which may produce these types of reactions.  Tite 
and Mullins (1971) state that soils heated to high temperatures in the presence of nitrogen and 
oxygen greatly enhances magnetic susceptibility.  In addition, sites with intense occupation 
produce organic materials capable of reducing iron oxides, thus altering the magnetic 
susceptibility of the entire site.  Artifact magnetic susceptibility may also originate from the 
alteration of iron oxides.  When pottery is fired, iron oxides are altered to stronger forms and the 
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minerals re-align with the earth’s magnetic field, which produces a measurable magnetic 
susceptibility (Griffiths 1999). 
Magnetic susceptibility can be measured both in the field and in the laboratory (Dalan 
and Banerjee 1998; Tite and Mullins 1971).  For this particular study, magnetic susceptibility 
was collected in SI units.  The abbreviation “SI” comes from Système International d’Unités, and 
is a typical metric system measurement (Pass and Sutcliffe 1971).  These units identify the 
objects ability to become magnetically induced.  Higher SI units indicated a higher propensity 
for magnetism. 
Ground Penetrating Radar 
The final geophysical tool used in this study is GPR.   This technique has become 
increasingly popular for identifying subsurface anomalies (Conyers 2004).  GPR operates by 
penetrating the ground surface with radar signals emitted by an antenna.  These radar signals 
travel until they encounter density variations which may indicate buried objects.  The signal is 
then reflected back to the antenna as parabolic images.  The reflections of buried objects are 
represented as hyperbolic images (Vaughan 1986).  In most cases, GPR successfully locates 
archaeological features without long interpretation times.  Unfortunately, GPR lacks control over 
some environmental factors.   Water, substrate material, and metallic objects (which block the 
radar wave) may potentially obscure GPR results.  With some correction, these issues are 
manageable.  GPRs emit signal in varying frequencies to observe the subsurface.  These 
frequencies may vary between 200 MHz and 1000 MHz, with an inverse relationship between 
depth and frequency (Conyers 2004).  Archaeologists typically use a 400 MHz antenna which 
reaches approximately 4 meters deep (RADAN Version 6.6 Manual).  This depth restricts how 
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much of the site which can be seen, but it enhances the detail with which subsurface disturbances 
appear.  This detail is especially important for understanding a site’s spatial layout. 
Although GPR has improved significantly recently, several environmental factors inhibit 
the effectiveness of this geophysical method.  Clay and water content in soils alter the radar 
waves from the GPR, and distort the results (Conyers 2004). The effects of soil variations are 
briefly described in Hammon III et al. (2000) as related to buried human remains.  Clay rich soil 
tends to slow the radar waves, in effect changing the depth of the features observed in the results.  
Water has a similar effect, slowing or stopping the radar waves based on the degree of soil 
saturation (Hammon III et al. 2000).  Records from the Northwood site excavations indicate the 
soil in this location consists mainly of sandy loam.  The minimal amount of clay in this soil 
creates an optimal setting for the implementation of GPR survey. 
Geochemistry 
Geochemistry is used to study prehistoric trash disposal patterns at the site.  Phosphorus 
and carbon are important elements found within trash deposits at archaeological sites.  
Understanding the phosphorus and carbon concentrations at the Northwood site may delineate 
the areas of elevated or reduced human activity throughout the study area.   
Phosphorus  
While many archaeologists are concerned with tangible objects left behind by previous 
peoples, soil phosphorus analyses also allow for a deeper understanding of human environmental 
modification.  Soil development occurs in conjunction with numerous other natural processes, 
including human cultural soil modification (Wells 2006).  The average phosphorus content of 
Earth’s crust is 0.09 wt%, and is rapidly sequestered in soil upon weathering (Filippelli 2008).  
These constraints make phosphorus a limiting nutrient within soils.  During settlement 
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occupation, humans leave behind many chemical clues to their presence, one of which is an 
alteration of natural soil phosphorus.  Phosphorus is accumulated in sites by basic human 
activities such as growing food, butchering animals for meat, bone disposal, and excreting in 
specific areas.  This element is archaeologically significant in soils as it often indicates levels of 
activity among past peoples (Holliday and Gartner 2007).  It is known that the amount and 
distribution of chemical tracers of human activity are different than that of undisturbed soil 
(Sokoloff and Carter 1952).  Examining phosphorus content in suspected or known 
archaeological sites may assist scientists in understanding a particular site better.   
Arrhenius pioneered the use of phosphorus as a human interaction indicator in Sweden in 
the early 1900s (Middleton and Price 1996).  Until recently, archaeologists simply employed 
phosphorus indicators as evidence of a possible site location.  However, more recent scientific 
experiments utilized phosphorus distribution patterns to form conclusions concerning cultural 
patterns of settlement use.  Although other elements are useful, soil naturally contains low levels 
of phosphorus, making variation more prominent (Goffer 1980).   In addition, phosphorus is 
recycled by organisms within the soil compared to other elements (Orna 1996), rendering this 
element useful especially when other human-derived elements can no longer be found. 
Scientists agree that phosphorus is an important tool in locating and understanding 
archaeological sites, but there are disagreements on the methods of extraction and interpretations 
of phosphorus data.  Holliday and Gartner (2007) review a wide array of different methods of 
phosphorus extraction from soil. The actual method of phosphorus extraction is simply based on 
what the researcher is actually looking for in the archaeological record.  For some studies, the 
relative concentration of phosphorus describes the information needed for a particular site.  In 
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other instances, more detailed, quantitative analysis of phosphorus content is needed to describe 
the total human impact on a site.  
Filippelli (2008) provides the best summation of the significance of phosphorus in 
archaeological soil.  Over time, soil phosphorus is altered from a mineral phosphorus state into 
occluded and non-occluded states (oxide-bound phosphorus for the purposes of this study) as a 
consequence of weathering and soil formation processes.  Organic phosphorus tends to remain 
constant after the introduction of organic material.  However, over time, total soil phosphorus 
naturally decreases (Fig. 2; Filippelli 2008; Walker and Syers 1976).   Mature soil contains 
different relative proportions on these phosphorus fractions compared to immature soil.  Human 
interaction alters the input of phosphorus in the soil, thus changing soil phosphorus availability.  
Mineral or organic phosphorus may be anthropogenically enhanced, changing the partitioning of 
phosphorous and making soils appear more immature than nearby undisturbed soil. 
These aspects of soils and phosphorus allow for disagreement between some scientists 
over extraction method and interpretations.  However, if phosphorus contents are examined in 
relation to the native soils, some common ground can be reached.  Humans are known to 
enhance soil phosphorus; therefore, by knowing background levels of phosphorus in soils, 
scientists can determine past human activity in that particular area. 
Carbon 
As with phosphorus, archaeologists also look at carbon as an indicator of human 
interaction with the environment.  Often, the same activities which enhance phosphorus in soils 
also enhance carbon.  Many studies have demonstrated that soil carbon is modified by 
anthropogenic factors.  Carbon enhancement in soil is the direct result of waste disposal in 
specified areas within archaeological sites. 
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One example of carbon analysis delineating an archaeological site can be found in 
Germany.  Upon discovering pit features within a buried soil, Gerlach et al. (2006) tested soil 
within and outside the pits for elemental variation.   The authors were able to demonstrate that 
the pits were of anthropogenic origin through artifacts and enhancement of both carbon and 
nitrogen in the soil (Gerlach et al. 2006).  At the Northwood site, it is assumed humans were 
dumping organic material in feature pits while avoiding such dumping in the plaza.  This activity 
likely enhanced the carbon enough to detect differences between soil samples. 
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Figure 2:  Phosphorus fractionation over time from Filippelli (2008) based on Walker and Syers 
(1976).  For this study, occluded and non-occluded phosphorus are both categorized as oxide-
bound phosphorus. 
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CHAPTER 3 
 
SITE DESCRIPTION 
The Northwood site is located in Northern Vigo County at the edge of a subdivision in 
Terre Haute, Indiana (Fig. 3).  The exact location of this site is UTM: 467030 m E, 438060 m N 
Zone 16, NAD83.  This setting contains cultivated fields next to a housing development on a 
terrace near the Wabash River and Otter Creek. 
This area was identified by Gray (2000) as a portion of the Wabash Lowlands (Fig. 5).  
Virtually the entire physiographic region was glaciated during the Wisconsin period (Gray 
2000).  This accounts for much of the topography in the area.  Pleistocene glacial outwash 
formed the Maumee Terrace on which the Northwood Site is located.  East of the Maumee 
terrace is the loess covered uplands.  These areas did not experience extensive deposition after 
glaciation; therefore, the Northwood site deposits are restricted to the near-surface.  Otter Creek 
flows over these landforms approximately 1 kilometer to the southwest of the Northwood site, 
and the Wabash River flows 1 kilometer to the west (Fig.4).   
The soil in the area consists mainly of the Elston soil series.  The Elston series is a deep 
typic Argludoll Mollisol.  This soil is well drained, very dark brown, sandy loam (Montgomery 
1974).  The sandy loam and drainage properties are ideal for the study of magnetic properties 
and GPR at this location.  This soil series is only found on nearly flat land surfaces, which 
describes the Northwood site well.  Excavation records from the 2005, 2007, and 2010 field 
17 
seasons record the soil texture in excavation units and pit features.  These records indicate a 
range of soil texture between sandy loam and sandy clay loam. 
 Human modification greatly impacts the Northwood site.  The site is located on 
approximately 2.5 acres and adjoins a newly built residential area.  This residential area 
endangered the integrity of the site, but further damage was prevented by halting construction.  
The site is currently a grassy field, but was cultivated before 2000.  Years of continuous 
cultivation disturbed the top 30 centimeters of this site.  An east-west trending tree row bisects 
the site and designates different land ownership.  The site was initially reported by Helman in 
1952.  This initial survey indicated a surface scatter of ceramic sherds and projectile points and 
was identified as 12Vi1 (Helman 1952).  In the 1990s, Indiana State University surveyed the site 
and began excavation on the portion of the site south of the tree line.  The portion north of the 
tree row has been mapped with the magnetometer and GPR, as well as excavated by the Indiana 
State University Archaeology lab beginning in 2005.  The southern portion has not been as 
closely examined.  The focus of this project is on the northern portion of the site. 
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Figure 3: Current aerial map depicting the Northwood Site relative to Northwood Subdivision.  
The Northwood subdivision was built near the archaeological site in the 2000s.  Highway 41 
changes from a four lane highway to a two lane highway near the entrance of the subdivision. 
The Wabash River is approximately 1 km to the west of the Northwood site. 
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Figure 4: The Northwood site (12Vi194) and surrounding regional geography.  The Wabash 
River is visible in this map.  The city of Terre Haute, Indiana is south of the site. 
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Figure 5:  Physiographic map of Indiana courtesy of The National Heritage of Indiana.  The 
Northwood Site (12Vi194) is located in the Wabash Lowland area of Indiana.  Glaciation during 
the Wisconsin period accounts for much of the topography in the Wabash Lowland region. 
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CHAPTER 4 
 
RESEARCH QUESTIONS 
 
The results presented here are designed to answer several questions related to site 
structure of the Allison-LaMotte site known as the Northwood Site in Vigo County, Indiana.  
The primary goal of this research is to provide a better estimate of the spatial structure of 
archaeological deposits at the site by addressing the following research questions.   
Research Question 1: What attributes of archaeological features contribute to the overall 
magnetic signal observed in the magnetic data (see Fig. 6)?  Results from the magnetic survey 
completed in 2005 were used to identify magnetic anomalies, which varied from 1 to 10 nT and 
were considered potential features.  Of interest is determining which factors most affect the 
magnetic anomaly strength, including the quantity of material found in features, the type of 
feature contents, and feature size.  Fire-cracked rock, ceramic sherds, organic materials, in-situ 
burning, and background soil magnetism are seen as possible contributors to the total magnetic 
signal. The sum of the feature magnetic signal from its constituents and other characteristics are 
compared to the value obtained in the magnetic survey to determine which attributes contribute 
most to the signal strength. 
Research Question 2:  Can ground penetrating radar detect anomalies in the areas where 
the magnetometer failed?  Many archaeologists employ more than one method and compare 
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results.  Often, this helps to produce a better estimate of the site structure as one method may not 
be able to detect all types of features or site conditions may result in poor results by one method.  
At the Northwood site, areas of possible historic disturbance inhibit the interpretation of the 
entire site solely using magnetic survey.  Answering this research question is important to 
understanding the entire site spatial organization in areas of poor magnetometer performance.  
The GPR data could also provide confirmation of the “quiet” area results obtained by 
magnetometer in the southern part of the site. 
Research Question 3: Will geochemical analysis of soil confirm the location of the 
residential area and plaza as outlined by magnetic data?  Soil from features and the plaza were 
analyzed for phosphorus and carbon content.  If this site were truly a planned village, the soil 
geochemistry should reflect a “clean” area (i.e. the plaza) where little or no refuse dumping or 
food processing occurred.  The residential area should reflect higher levels of carbon and 
phosphorus than the “clean” plaza because of different trash disposal patterns.  This analysis will 
reinforce the magnetic and GPR data.  In addition, collecting geochemical data reveals how 
humans affected the residential area.   
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Figure 6: The Northwood site magnetometer data compiled in 2005.  Blue colored objects 
represent objects with magnetic signals higher than detection limits.  Red colored objects 
represent magnetic anomalies higher than 2.5 nT.  Black circular objects represent objects 
between 0 and 2.5 nT.  White spaces indicate negative magnetic signal.  Prehistoric features, the 
focus of this study, are seen as small, circular red or black areas on this figure.   
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CHAPTER 5 
 
METHODS 
Geophysical data collection 
Magnetic data from the Northwood site was first collected in 2005 using a Geoscan FM 
36 Flux Gradiometer Magnetometer (Stafford 2007).  Half meter transects were completed in 
twenty-two 20 m by 20 m grids.  One person completed all transects to minimize variations in 
human-induced error. Once data collection was complete, it was processed in Geoplot and 
combined into a single map (see Figure 6).  Magnetometer data processing was completed before 
the 2007 field season and reported in Stafford (2007).  The collected data was clipped at 2 
standard deviations to emphasize features less than 20 nT, the typical threshold for prehistoric 
features.  Further clipping allowed for the identification of features with magnetic signatures 
between 2.5 nT and 10 nT.  A total of 142 potential features were identified through this process 
(Stafford 2007).  Possible feature areas on this map were ground-truthed in multiple excavation 
seasons. 
GPR data was collected in 2010 using a GSSI GPR model SIR-3000 and a 400mHz 
antenna.  Data was again collected in 0.5 m wide transects within four 20 m by 20 m grids, one 
17 m by 20 m grid, one 17 m by 8 m grid, two 20 m by 7 m grids, one 13 m by 20 m grid, and 
one 7 m by 5 m grid providing similar spatial resolution.  These grids sizes were selected for 
maximum data collection while avoiding obstacles such as trees and wooden fences.  Only 
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mowed field areas were selected to ensure proper ground coupling with the antenna.  Eight grids 
from the southern portion of the site were collected then analyzed with Radan Version 6.6 
software.  After filtering, the data was assembled in a 3D map of the study area.  The GPR and 
magnetic data were compared visually.  In addition, further GPR data was collected in the 
southeast portion of the site to better constrain the site boundary. 
These data were processed in the computer program RADAN version 6.6 as a Super 3D 
file.  Individual grid transects were automatically arranged in the RADAN software as an aspect 
of the collection method.  The ten grids were then manually joined by position relative to the 
site’s established datum.  Positioning individual grids is essential to producing an accurate 3D 
map of the site.  Once positioned, processes to reduce background noise and create a clearer map 
were required.  On all GPR maps, correcting the starting position of radar signals is essential to 
creating accurate maps.  As the GPR sends a signal into the ground, a delay occurs (RADAN 
manual).  Once the position of the initial signal is corrected, further processing may begin based 
on site specifications.   
Soil found around the Northwood site is a sandy loam, with minimum clay content 
creating a nearly perfect GPR environment.  Standard filters were implemented, providing some 
data clarification.  First, a FIR filter was implemented with the low pass filter set at 800 MHz 
and the high pass filter set at 100 MHz.  This removed a large majority of the extraneous 
horizontal banding.  Next, RADAN arithmetic functions were implemented using the parameters 
suggested by the program.  This amplified data for easier viewing.  Following the arithmetic 
functions, a local peaks filter was used to remove erroneous peaks in data.  Finally, a static 
correction filter was added to the data, reducing the minor variations in noise, phase shifts, and 
elevation that normally occur at many archaeological sites.   
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During excavation in 2010, magnetic susceptibility of features was measured.  Five pit 
features were bisected and one half excavated to determine feature extent.  Once excavation was 
completed on the first half, magnetic susceptibility readings were collected at 5 cm increments 
on the wall containing the remaining half of the feature.  Magnetic susceptibility was measured 
on five features using a Bartington Magnetic Susceptibility Meter (model MS2 with the K 
sensor).  Air magnetic susceptibility measurements were recorded before and after each 
incremental measurement to establish a neutral magnetic baseline and adjust for signal drift.  
Following the collection of soil magnetic susceptibility, the remaining half of the feature was 
excavated in 10 cm increments.  All artifacts discovered were labeled with incremental levels to 
identify their location within the feature. 
Artifacts discovered in incremental levels of the features were collected and analyzed in a 
laboratory.  Analysis of artifacts such as fire-cracked rock and pottery were analyzed with the 
magnetic susceptibility meter to determine contributing magnetic signal.  Magnetic susceptibility 
of the fire-cracked rock in each level was determined by four measurements of the majority of 
the level’s rock.  These four measurements were then averaged and added to the total average of 
the level.  These data are combined with data describing its location in the field to give an 
interpretation of the magnitude and location of magnetic signals within the feature. 
Geochemical analysis 
Phosphorus Geochemistry 
Twenty six soil samples collected from features, midden, and non-midden areas during 
the 2007 and 2010 field seasons were analyzed.  Pit feature samples were collected at varying 
depths within trash pits.  Midden samples were collected from sub-plowzone trash zones.  These 
samples represented only a fraction of the original surface midden which was largely destroyed 
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in cultivation.  Non-midden samples were recovered from excavation units from sub-plowzone 
contexts in the proposed plaza area interpreted from the magnetometer survey.  These soil 
samples were allowed to fully dry and were used to determine phosphorus and carbon content.  
Dried samples were crushed and sieved to <106 µm, ensuring consistent particle surface area.  
Phosphorus analysis was completed using a sequential extraction (SEDEX) method of 
Ruttenberg (1992) with modifications by Anderson and Delaney (2000).  This method identifies 
phosphorus in four different fractions, but for the purposes of this research the authigenic and 
detrital phases were combined to evaluate mineral phosphorus. The phosphorus fractions of 
interest here are oxide bound, mineral bound (authigenic and detrital), and organic phosphorus 
(Table 1), which can then be used to infer the degree to which humans have altered the soil 
chemistry.  Supernatant from each extraction step were combined and stored in acid-cleaned 
polyethylene bottles.  All phosphorus concentrations were determined using the molybdate blue 
colorimetric technique (Strickland and Parsons 1972) followed by analysis on a Shimadzu mini 
spectrophotometer.  Reagents used in step 1 inhibit color development, necessitating an 
additional ashing and extraction step for proper color development.  A detailed description of the 
SEDEX method can be found in Appendix A.  By comparing pit feature, midden and non-
midden soil samples, human-environment interactions are observable in the detailed phosphorus 
geochemistry. 
Precision was quantified with duplicate extractions on three soil samples, and all samples 
agreed within 9%. Accuracy was determined using NIST SRM1646a.  There are no certified data 
for SRMs using sequential extractions, but the results agreed with the long term averages 
compiled in the Biogeochemistry Laboratory since 2005 within 5%. 
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Table 1: Phosphorus Extraction Steps based on Ruttenburg (1992) and modified by Anderson 
and Delaney (2000).  Four steps extracted three fractions of phosphorus from 26 soil samples 
collected in and near 12Vi194: the Northwood Site.  
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Loss on Ignition and Carbon Analysis 
Loss on ignition (LOI) was performed on the same 26 samples to quantify organic matter 
content of each sample.  Approximately 1g of the dried and sieved samples was weighed into 
crucibles of known weight.  Subsequently, samples were ashed in a muffle furnace for two hours 
at 550°C to combust organic matter.  After cooling in a desiccator to prevent the addition of 
water weight, the samples were weighed again.  The remaining sample was retained for future 
geochemical analysis of metal content. 
After determining LOI, two grams of fresh sample was weighed into centrifuge tubes.  
This sample was then acidified using sufficient 1 M HCl to remove carbonate.  The samples 
were then dried and re-weighed to constrain carbonate content.   Approximately 0.3 g of the 
acidified, dried sample was then analyzed using a CHNS analyzer. Both LOI and the 
determination of carbon content are important in this study.  LOI reveals the organic matter 
within the sample, including carbon, but also includes other organic constituents.  Both organic 
matter content and carbon content variations can identify locations of human occupation.  
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CHAPTER 6 
 
RESULTS  
Feature Magnetism 
 All excavated features from the 2005, 2007, and 2010 field seasons were analyzed based 
on content categories (Fig. 7).  Fire-cracked rock (FCR), ceramics, lithics, animal bone, and shell 
were separated during excavation and later weighed in the archaeology lab.  The artifact class 
weight sum was recorded for individual pit features, and total weights were calculated (Fig. 7).  
Total feature weights were as high as 33kg, with the majority of the weight in each feature due to 
FCR.  People from this settlement heated rock in fires for food preparation.  The constant heating 
and cooling of this rock led to the cracked appearance and a potential enhanced magnetism.  
Magnetism increases resulting from cooking practices likely influenced the magnetic variations 
detected during the magnetic survey of the site.  For the majority of pit features, FCR constitutes 
approximately 70-90% of the total artifact weight.  This does not hold true for pit features 
containing less than 3.5 kg total artifact weight.  These low content features have either 100% 
FCR content or very low FCR content (30-40%).  The small amounts of debris found in these 
features lend to misleading FCR weight percentages.  Ceramics also potentially increase the 
magnetism detected in the magnetometer survey, as ceramic vessels are usually heated to more 
than 700°C.  This artifact class represents 1.9% to as high as 24.5% of feature fill weight in 
excavated pit features.  Two features contained no recorded ceramics; however, these features  
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contained entirely FCR.   Bone, shell, and lithic material comprise smaller categories of feature 
fill, but both also contribute little to the magnetic signal detected by the magnetometer survey.  
Lithic material (chert fragments) represented approximately 0.5% to 5% of the total feature fill 
weight, with one feature recording a high 11.5%.  Bone and shell, combined for the purposes of 
this results section, provide little if any magnetic signal.  A large number of features recorded no 
bone or shell contents, but some features contained as much as 7.2% fill weight of bone and shell 
(Fig. 9).   
 After feature fill weights and percentages were calculated, magnetic susceptibility from 
artifact classes from select features was measured.  Features 17, 20, 22, and 26 (Fig. 8) contained 
large amounts of FCR and ceramics, so these were selected for magnetic susceptibility 
measurements.  Artifacts were separated by depth in 10 cm increments within the feature.   For 
FCR magnetic susceptibility was measured three times on each rock weighing over 5 grams.  
Results from each individual rock measurement were averaged and all rocks in each level were 
added together to identify the maximum magnetic susceptibility for each 10 cm level within the 
pit features.  All rock magnetic susceptibility measurements were also averaged for each level to 
determine the potential influence each level has on the total feature magnetic susceptibility.  
Similarly, ceramic sherds from each level were subjected to magnetic susceptibility 
measurements.  For this artifact class, all fragments large enough to cover the Bartington sensor 
were measured for magnetic susceptibility.  Repeat measurements were collected on each sherd, 
then averaged and calculated into the layer totals as described with FCR fragments. 
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Figure 7: GIS map indicating units and features excavated during three field seasons at the 
Northwood site.  Feature centers are identified by points on this map.   
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Figure 8:  GIS map of 2010 excavationblock.  Magnetic susceptibility was measured on four 
features from the 2010 excavation.  Excavations on Feature 17 began in 2007 but finished in 
2010, creating two slightly different central points. 
34 
Feature Fill Weights
Feature
0 5 10 15 20 25 30 35
T
o
ta
l 
W
e
ig
h
t 
(k
g
)
0
5
10
15
20
25
30
35
FCR (kg) 
Limestone (kg) 
Rock (kg) 
Ceramics (kg) 
Rim Sherds (kg) 
Lithics (kg) 
Bone (kg) 
Shell (kg) 
 
Figure 9:  Feature fill weights by artifact class.  FCR accounts for the large majority of 
archaeological material excavated from the Northwood site, followed by ceramic sherds, lithics, 
bone, and shell fragments.   
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Figure 10: Maximum magnetism for each feature as detected by the 2005 magnetometer survey. 
The maximum value of each feature was compared with material excavated in features to 
identify sources of magnetism. 
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Feature 17 
 Feature 17 fill data, including FCR and ceramic sherds, are combined from two field 
seasons: 2007 and 2010.  The feature profile magnetic susceptibility data were collected in 2010.  
This feature reaches a depth of 60 cm and contains a total of 3.98 kg of recovered archaeological 
material. Each 10 cm layer in this archaeological feature contained varying magnetic 
susceptibility data for the feature profile, feature FCR, and feature ceramic sherds (Table 2; Fig. 
11).  The average magnetic susceptibility reading for fire-cracked rock and ceramic sherds have 
no apparent pattern with decreasing depth.  FCR (average) has the largest magnetic susceptibility 
maxima, with the first layer as high as 1181 SI.   Generally, the magnetic susceptibility of 
Feature 17 FCR decreases with depth.  Ceramic sherds generally increase in magnetic 
susceptibility with depth, with the exception of two layers.   The magnetic susceptibility of the 
feature profile remains surprisingly constant with depth, with a minor increase occurring at 10-20 
cm depth.   
 The average magnetic susceptibility of each layer indicates the typical magnetic 
susceptibility of a single ceramic sherd or piece of FCR.  However, this may not be the best 
indication of the variation of magnetic susceptibility between layers.  Therefore, the total 
magnetic susceptibility for each feature layer of FCR and ceramic sherds were compared (Table 
2 and Fig. 11).  Each piece of FCR or ceramic sherd for every layer was summed to obtain a total 
magnetic susceptibility for each layer.  These values better reflect the ability for magnetic 
induction for the entire layer of the feature.   
To better understand the variability between magnetic susceptibility between layers, the 
weight of FCR was compared to the average S.I. measurement (Table 3).  In this feature, 0-10cm 
depth and 40-60 cm depth (2 layers) represent high magnetic susceptibility compared to the 
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weight of the FCR.  Conversely, 30-40 cm level demonstrates low magnetic susceptibility to 
weight ratio.  FCR, as well as the feature fill, and ceramic sherds, all demonstrate a propensity 
for high magnetic susceptibility, leading to the potential for high magnetometer measurements.  
The 2005 magnetometer survey produced a 3.14 nT magnetic signal at this feature location.   
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Figure 11: Level variability for average FCR, ceramic sherds, and feature fill soil magnetic 
susceptibility.  Feature profile magnetic susceptibility shows less fluctuation than FCR and 
ceramic sherd magnetic susceptibility.   
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Depth (cm) 
FCR 
M.S.(SI) 
Total FCR 
M.S. (SI) 
Sherd M.S. 
(SI) 
Total Sherd 
M.S. (SI) Feature M.S. (SI) 
0-10 1181.9 15364.1 459.2 2755.3 309.8 
10-20 424.0 3391.8 776.9 3884.7 553.0 
20-30  827.2 11580.8 1014.7 5073.7 286.5 
30-40 587.4 12635.0 710.9 3554.5 246.3 
40-50 1168.3 9346.5 936.8 3747.0 224.7 
50-60 535.6 2678.0 507.9 3047.0 250.3 
 
Table 2: Feature 17 Magnetic Susceptibility Measurements.  The highest magnetometer reading 
for this feature was 3.14 nT. 
 
 
 
Depth (cm) Average m.s. (SI) Total Weight(g) Average S.I./g 
0-10 1181.9 881.4 1.3 
10-20  424.0 495.3 0.9 
20-30  827.2 1010.6 0.8 
30-40 587.4 1737.4 0.3 
40-50 1168.3 529.0 2.2 
50-60 535.6 177.0 3.0 
 
Table 3: Feature 17 comparison of the ratio between total FCR weight in each level and average 
magnetic susceptibility of the level.  This number indicates the amount of magnetic susceptibility 
per gram of FCR contributes to the overall magnetic susceptibility of the 10 cm layer. 
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Feature 20 
 Feature 20 was a dark-soil, 70 cm deep pit feature containing 23.42 kg of recovered 
archaeological material.  19.71 kg of the total weight came from FCR, along with 1.12 kg of 
ceramics.  The magnetometer survey identified this feature at 1.93 nT.  Fire-cracked rock in this 
feature had high magnetic susceptibility in most levels, typically reaching values greater than 
1000 S.I (Table 4; Fig. 12).  Conversely, ceramic sherd magnetic susceptibility remains 
relatively constant and low throughout the feature profile.  At 40-50 cm depth, a great decrease 
in FCR magnetic susceptibility is observed, recording a low 215 S.I.  In this same level, the S.I. 
measurement for ceramic sherds spikes to approximately 1011 S.I.  Total magnetic susceptibility 
for FCR and ceramic sherds was also calculated (Table 5).   
An analysis of magnetic susceptibility to weight also occurred with this feature.  At the 
40-50 cm level, the FCR magnetic susceptibility to weight ratio (Table 5) diminishes to 0.183 
S.I./g.  The 10 cm layers immediately before and after this layer are diminished compared to 
other layers, indicating a change in trash deposition.  Most layers had a magnetic susceptibility to 
weight ratio of 1.12 to 1.56 SI to gram. 
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Figure 12:  Layer variability for FCR, ceramic sherds, and feature fill soil magnetic 
susceptibility.  All three feature variables show erratic values throughout the feature. 
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Depth (cm) 
FCR M.S. 
(SI) 
Total FCR 
M.S. (SI) 
Sherd M.S. 
(SI) 
Total Sherd 
M.S. (SI) 
Feature M.S. 
(SI) 
0-10  1002.7 10027.3 889.6 6227.5 212.25 
10-20  1116.7 15633.9 767.9 4607.2 328.8 
20-30  760.0 10641.0 761.5 5330.7 233.5 
30-40  788.9 14418.4 789.2 14240.2 668.5 
40-50  214.7 2358.0 1010.9 14936.8 537.5 
50-60  1624.0 35728.3 620.5 6205.0 403.8 
60-70  1193.5 19095.3 348.8 1046.3 251.9 
 
Table 4:  Feature 20 Magnetic Susceptibility Results.  The highest magnetometer reading for this 
feature was 1.93 nT. 
 
Depth (cm) Average M.S. Total weight Average S.I./g 
0-10  1002.7 641.5 1.6 
10-20  1116.7 997.9 1.1 
20-30  760.1 639.3 1.2 
30-40  788.9 952.8 0.8 
40-50  214.7 1170.5 0.2 
50-60  1624.0 1640.4 1.0 
60-70  1193.5 1054.4 1.1 
 
Table 5: Feature 20 ratio between total weight and average magnetic susceptibility between each 
layer. 
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Feature 22 
 At 90 cm deep, Feature 22 was one of the deepest pit features recovered at the 
Northwood site in the 2010 field season.  This pit feature contained 28.48 kg of archaeological 
material, including 20.67 kg of fire-cracked rock and 1.48 kg of ceramic sherds.  Magnetometer 
survey results indicate this feature has a magnetic strength of 3.71 nT.  The feature depth reduced 
the excavators’ ability to specify 10 cm increments as seen in other features.  Rather than exact 
10 cm increments throughout the entire feature, the excavators’ indicated varying layer depths.  
Data gaps (Table 6; Fig. 13) are created by varying layer depths and some missing data.  
However, data collected were sufficient in understanding the magnetic susceptibility variation 
within this feature. 
 Magnetic susceptibility was measured in 5 cm increments on soil fill in this feature.  
Remarkably, the feature fill remained relatively constant throughout the depth of the feature.  
The range for this variable falls between 135 and 360 S.I.  Average magnetic susceptibility of 
sherds and FCR were recorded at varying depths (Table 7).  Like feature fill, ceramic sherd 
magnetic susceptibility remained somewhat consistent throughout the depth of the feature, with 
S.I. measurement ranging from 158 to 667 S.I.  FCR magnetic susceptibility varied greatly 
within this feature.  The highest value, 2453 S.I. found in the uppermost layer, is nearly 59 times 
as great as the lowest value (42 S.I. found at 57 to 62 cm depth).  When comparing S.I. 
measurement to FCR weight ratios, the uppermost layer has a ratio of 6.66 S.I./g.  From 47-57 
cm, the ratio is 6.85 S.I./g, which means a small amount of FCR can produce a larger magnetic 
signal.  These ratios are significantly larger than other layers, which all range from 0.264 (bottom 
layer) to 2.82 S.I./g.  In all, FCR varies the most throughout this feature profile. 
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Figure 13: Level variability for FCR, ceramic sherds, and feature fill soil magnetic susceptibility.  
Gaps in the data occurred due to inconsistent depth labeling during excavation. 
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Depth 
(cm) 
FCR M.S. 
(SI) 
Total 
FCR M.S. 
(SI) 
Sherd M.S. 
(SI) 
Total 
Sherd M.S. 
(SI)  Depth (cm) 
Feature 
M.S. (SI) 
0-10 2453.1 14718.4 268.5 268.5   0 134.5 
10-20  464.4 5572.3 656.5 19699.4   5 200.0 
27-37 63.9 127.3 543.5 543.5   10 171.5 
37-47 1122.0 10098.3 615.3 2017.4   15 360.0 
47-57 1122.00 4847.9 577.2 2885.8   20 187.5 
57-62 42.3 84.5 688.1 688.1   25 264.0 
72-82      157.9 315.8   30 263.5 
82-92 894.6 6262.3 601.9 2407.8   35 157.0 
90-100 1258.8 8977.4 471.8 2359.1   40 173.5 
100-113 1151.3 82489.5 666.5 11419.6   45 269.5 
      50 184.0 
      55 225.5 
      60 232.0 
      65 209.5 
      70 210.0 
      75 260.0 
      80 361.0 
      85 173.5 
      90 357.0 
 
Table 6: Feature 22 Magnetic Susceptibility data.  Due to difficulties during excavation, artifact 
depths were recorded in different increments than the feature wall magnetic susceptibility.  The 
left depth column corresponds with artifact depths while the right depth column corresponds 
with the feature wall depths.  The maximum magnetometer measurement was 3.71 nT. 
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Depth (cm) Average M.S. (S.I.) Total Weight (g) Average S.I./g 
0-10 2453.1 368.2 6.7 
10-20  464.4 1054.7 0.4 
27-37 63.9 120.9 0.5 
37-47 1122.0 514.1 2.2 
47-57 1122.0 163.7 6.9 
57-62 42.3 83.0 0.5 
82-92 894.6 389.9 2.3 
90-100 1258.8 446.4 2.8 
100-113 1151.3 4390.7 0.2 
 
Table 7: Feature 22 ratios between level total FCR weight and average magnetic susceptibility to 
identify the contribution of FCR to magnetic susceptibility.  This feature demonstrated high 
magnetic susceptibility in many layers but low FCR weight, leading to high ratios.   
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Feature 26 
 Feature 26 contained a total of 25.4 kg of archaeological material.  Included in the 
material total is 21.7 kg of fire-cracked rock and 1.7 kg of ceramic sherds in a total feature depth 
of approximately 60 cm.  The magnetometer survey indicates this particular feature has a 
magnetic signal of 1.3 nT.  Surprisingly, this feature had relatively consistent and low magnetic 
susceptibility throughout the feature profile (Table 8; Fig. 14).  FCR and sherd magnetic 
susceptibility ranged between 288 and 682 S.I. in this feature.  Feature fill magnetic 
susceptibility was slightly lower, ranging from 183-403 S.I.   
By comparing FCR magnetic susceptibility to the FCR weight in each level, a pattern of 
consistency between each layer emerges.  The ratio of S.I. to grams of FCR ranges between 0.3 
and 0.58 S.I./g for the entire depth of this feature.  Because of this consistency, the ratio of 
ceramic sherd magnetic susceptibility and ceramic sherd weight was examined for this feature.  
Like FCR, this ratio was remarkably consistent in this feature.  For depths 0-50 cm, the ratio 
ranged from 5.56 to 8.36 S.I./gram of ceramic sherd.  The final level contained very little 
ceramics, and therefore was inconsistent with the upper layers (Table 9, 10).  
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Figure 14: Level variability for FCR, ceramic sherds, and feature fill soil magnetic susceptibility. 
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Depth (cm) 
FCR M.S. 
(SI) 
Total FCR 
M.S.(SI) 
Sherd M.S. 
(SI) 
Total Sherd 
M.S. (SI) 
Feature M.S. 
(S.I.) 
0-10 288.0 4628.6 430.2 430.2 251.0 
10-20  478.7 5743.8 633.0 633.0 338.0 
20-30  525.5 8408.0 681.5 680.5 183.0 
30-40 541.3 7578.8 543.5 543.5 402.5 
40-50 468.2 8428.0 597.4 597.4 258.0 
50-60 630.6 5044.8 318.0 318.0 325.8 
 
Table 8:  Feature 26 Magnetic Susceptibility measurements.  The maximum magnetometer 
measurement from this feature was 1.30 nT. 
  
50 
 
Depth (cm) Average S.I. Total Weight Average S.I./g 
0-10 288.0 958.8 0.3 
10-20  478.7 925.3 0.5 
20-30  525.5 1108.0 0.5 
30-40 541.3 941.0 0.6 
40-50 468.2 1241.2 0.4 
50-60 630.6 1185.7 0.5 
 
Table 9: Feature 26 ratios between average magnetic susceptibility and total FCR weight of each 
level.  This layer contained high amounts of FCR but registered low magnetic susceptibility 
values, leading towards low ratios. 
 
 
 Depth (cm) Weight (g) Average M.S. (SI) Average S.I./g 
0-10  53.0 430.2 8.1 
10-20  85.3 633.0 7.4 
20-30 81.4 680.5 8.3 
30-40 76.2 543.5 7.1 
40-50 107.5 597.4 5.6 
50-60 5.9 318.0 53.9 
 
Table 10: Feature 26 ratios between average magnetic susceptibility and total weight of ceramic 
sherds in each level.  These ratios are higher than that of FCR, leading to the conclusion that 
ceramic sherds may provide more magnetism than FCR.  
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Magnetics and Artifact Class 
 In order to more fully understand the relationship between artifact class and feature 
magnetism, lithics, ceramic sherds, and fire-cracked rock were compared against the total feature 
magnetism detected by the magnetometer survey.  FCR had no observable relationship with the 
maximum feature magnetism (Fig. 15). Most features recorded magnetism between 2 and 4 nT, 
but FCR content in these features ranged between 2 kg to 30 kg.  Ceramics (Fig. 16) 
demonstrated more consistency between total ceramic weight and feature magnetism, but there is 
still no correlation.  The large majority of features contained fewer than 2 kg of ceramic sherds.  
This low weight may create the illusion of increased clustering with the sherds.  As expected, 
lithic materials demonstrated little consistency between weight and magnetism (Fig. 17).  Most 
features contained small amounts of lithic fragments, with only 2 features containing more than 
0.6 kg.   
It was expected that feature magnetism would increase with higher feature magnetism 
(Fig. 18).  However, no correlation is observed.  Two main clusters can be seen on this figure.  
Most features with magnetic signals between 2 and 4 nT have a total weight of either 1-10 kg or 
23-26 kg.  After examining all feature contents, no correlation was observed between the 
maximum magnetic signal from the sensor and the weight of materials in the feature.   
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Figure 15: FCR weights compared with maximum magnetism for each feature.  The low r value 
indicates no substantive correlation. 
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Ceramics and Magnetism
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Figure 16: Feature ceramic sherd weight compared with feature magnetism. The low r value 
indicates no correlation exists.  
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Lithics and Magnetism
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Figure 17:  Feature lithic weight compared with feature magnetism.  The low r
 
value indicates no 
correlation exists. 
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Fill Weight and Magnetism
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Figure 18:  Total feature artifact weight compared with feature magnetism.  The low r value 
indicates no correlation exists. 
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Feature Circumference and Depth 
 While the feature contents may provide magnetic material, the feature depth and 
circumference may also influence the degree to which the feature is detected by magnetometer 
survey.  The larger features should provide more surface area and volume necessary to contain 
human-modified soil.  Determining these parameters involved calculating the circumference of 
the feature based on the excavation records of diameter and depth for many feature excavated 
during the 2005, 2007, and 2010 field seasons.  Unless otherwise noted, all features are steep-
sided, conical features, as the large majority of features resembled this form of pit structure.  
Features were often oval-shaped at the surface (one diameter larger than another), creating the 
need for a modified circumference calculation.  Based on the 31
st
 edition of the CRC Standard 
Mathematical Tables and Formulae (Zwillinger 2002), the formula for calculating the 
circumference of an ellipse is 
                
 
 
 
     
  
where “a” is the larger radius and “b” is the smaller radius.  This equation best approximates the 
value of the circumference for this unusual shape.  For circular features, the equation used for 
circumference is  
     
Where d is the diameter of the circular pit feature surface.    
 As expected, some correlation exists between depth, circumference, and the feature’s 
magnetic signature (Table 11; Fig. 19).  Feature 5 has a depth of 115 cm and a circumference of 
439.82.  This creates a high volume capacity for this feature.  It has the largest circumference of 
all features in Table 11, and the second highest magnetic signature at 6.56 nT.  Feature 2 has a 
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circumference of 251.32 cm and a depth of 160 cm.  Although this feature does not have a large 
circumference, it is the deepest feature on the list.  Feature 2 also has the highest magnetic 
signature on the list at8.36 nT.  Features 1, 3, and 7 also have circumferences greater than 300 
cm and magnetic signatures greater than 3 nT.  Conversely, features with low circumferences 
and depths show lower magnetic readings.  For example, Feature 26 has a circumference of 251 
cm and a depth of 64 cm, making it one of the smallest features.  It also has the smallest 
magnetic signal at 1.3 nT.  However, some features do not necessarily follow this pattern.  
Feature 20 has a larger diameter and equal depth to Feature 17, yet Feature 20 has a smaller 
magnetic signal than Feature 17.  Therefore, feature circumference and depth are not solely 
responsible for the magnetic signature seen in the magnetometer survey.  It appears 
circumference and depth account for more magnetic variability than other feature variables.  
Simpson (2010) discovered similar results in his study of several sites in the Midwestern United 
States. 
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Feature Shape Circumference (cm) Depth (cm) Magnetic Signal (nT) 
1 Bell 386.56 100.00 5.12 
2 Conical 251.32 160.00 8.36 
3 Conical 392.72 60.00 5.27 
5 Irregular 439.82 115.00 6.56 
7 Conical 376.99 100.00 3.26 
9 Conical 392.70 125.00 2.46 
10 Irregular 251.32 120.00 2.08 
17 Conical 251.33 70.00 3.14 
20 Conical 314.16 70.00 1.93 
22 Irregular 315.20 90.00 3.71 
25 Irregular 267.03 65.00 3.13 
26 Irregular 251.26 64.00 1.30 
28 Conical 325.62 85.00 2.43 
 
Table 11: Feature circumference and depth related to the magnetic signal detected in the 2005 
magnetometer survey.  Depths and circumferences were determined using feature data forms. 
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Figure 19: Feature depth and circumference compared to total feature magnetism.  
Circumference correlates with magnetic signal with an r value of 0.079; depth correlates with 
magnetic signal with an r value of 0.294.  These values are much higher than feature content 
graphs. 
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Ground Penetrating Radar 
 GPR data collection (Fig. 20) and processing produced a plan view map of the 
Northwood site (Fig. 21).  The GPR transects in each grid may not have been close enough 
together to detect features smaller than 100 cm in diameter.  However, larger features should be 
detectable.  These potential features appear as bright white dots on Figure 22.  With the 
magnetometer data, the plaza zone is defined by the lack of features present.  Likewise, the GPR 
data should reflect an absence of anomalies in the plaza. Areas of noise are present in the GPR 
data where the plaza was identified by the magnetometer survey.  Using transparency clipping 
parameters, a new GPR plan view map was produced.  This map (Fig. 23) shows possible 
features and a “quiet” area with few to no anomalies, supporting the results of the magnetometer 
survey.    The GPR data also identified potential features in areas of overwhelming magnetic 
noise. 
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Figure 20: GIS map with magnetometer survey data as well as excavation units.  GPR grid 
collection occurred within the dark outlined rectangles.  These grids were selected to best cover 
areas of poor or no magnetometer data, as well as area suspected plaza. 
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Figure 21:  GPR plan view map after data collection and processing.  Signal noise covers most of 
the GPR collection area. 
  
63 
 
 
Figure 22: GPR plan view map.  The black circle represents the approximate plaza area.  Red 
circles indicate possible features.  Features were determined to be brighter white spots, whereas 
noise appears as dull white “snow.” 
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Figure 23:  GPR at the Northwood site.  Data is clipped at 70% transparency, 1 m transparency 
range, with a 1:8 resolution at a depth of 0.5 m.   White dots on this map indicate probable 
features.  The blue circle indicates the approximate plaza zone.  Transparency tools in RADAN 
remove noise and isolate potential features.   
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Geochemistry 
Phosphorus  
Soil samples from pit features were collected during the excavation of archaeological 
material from storage or trash pits originally created by the Allison-LaMotte people.  Bone, and 
other waste remains from these pits demonstrate influenced phosphorus concentrations as 
anticipated.  These features contained varying concentrations of phosphorus within each fraction 
(Tables 12-15; Figs. 24-26).  Oxide phosphorus ranged from ~ 16 to 68µmol/g.  Organic 
phosphorus shows the smallest range, varying from ~ 5-11µmol/g.  Mineral phosphorus, 
important in determining time since deposition discussed by Filippelli (2008), displays the 
greatest variance of pit feature phosphorus.  This fraction ranges from ~ 3 to 209µmol/g. 
Non-midden soil samples were selected from areas beneath the plow zone showing no 
evidence of human waste disposal (yellowish brown Munsell colors).  For this set of soil 
samples, the three phosphorus fractions have smaller ranges. Oxide-bound phosphorus ranges 
from ~14 -24 µmol/g.  Small amounts of mineral phosphorous were found in these samples, 
ranging from <1- 4 µmol/g.  Finally, organic phosphorus, which showed the most variability in 
pit feature soil samples, reveals minimal variability for non-midden samples, and ranges from 
~5-12 µmol/g (Table 14).  These values are similar to the offsite sample collected, as expected 
(Table 15).  On average, the values for non-midden samples and the offsite sample phosphorus 
are lower than the pit feature samples for all three phosphorus fractions. 
Midden samples were selected from units which revealed dark anthropogenic staining not 
deep enough to be considered a pit feature.  Midden was discovered beneath the plow zone in 
only a few areas of the site. These four samples had similar concentrations for phosphorus 
fractions.  Oxide associated phosphorus ranged between 19.6 -22.6 µmol/g.  Mineral phosphorus 
66 
fraction concentrations ranged between 1.8 and 6.1 µmol/g.  The third fraction, organic 
phosphorus, varied between 5.5 to 8.4µmol/g (Table 13).  These values are similar to the values 
of both non-midden and offsite samples. 
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Figure 24: Oxide-bound phosphorus (µmol/g) isolated by site context.  Pit feature samples 
contain more oxide-bound phosphorus than non-midden and midden samples.  
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Figure 25: Mineral-bound phosphorus (µmol/g) categorized by the three site contexts.  Pit 
feature phosphorus contains much more mineral-bound phosphorus than non-midden and midden 
samples. 
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Figure 26: Organic phosphorus fraction (µmol/g) categorized by the three site context.  Although 
pit feature samples contained more organic phosphorus than many midden and non-midden 
samples, this distribution is more evenly spread than the other phosphorus fractions. 
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Feature Level 
Oxide P 
(µmol/g) 
Mineral P 
(µmol/g) 
Organic P 
(µmol/g) 
Total P 
(µmol/g) 
5   46.72 137.39 8.59 192.70 
9   31.18 7.39 7.16 45.72 
10   64.43 208.98 6.31 279.73 
17   20.52 31.11 7.97 59.60 
17 50-60 cm 26.83 52.36 8.69 87.89 
20 20-30 cm 25.87 55.61 9.05 90.53 
20 50-60 cm 51.00 144.03 11.11 206.13 
20 60-bottom 47.95 108.94 9.48 166.37 
22 10-20 cm 16.97 8.83 5.52 31.32 
22 E 68.61 168.00 8.57 245.18 
25 20 cm 23.68 58.70 9.26 91.64 
26 20-30 cm 26.95 65.64 9.56 102.15 
27   21.25 14.49 6.58 42.32 
28   45.36 155.39 9.34 210.09 
30   20.67 1.48 6.48 28.63 
30 duplicate 21.83 2.81 6.64 31.28 
 
Table 12: Pit feature phosphorus concentrations by fraction.  Overall, pit features contained high 
amounts of phosphorus. 
 
 
Unit   
Oxide P 
(µmol/g) 
Mineral P 
(µmol/g) 
Organic P 
(µmol/g) 
Total P 
(µmol/g) 
23   20.92 4.04 8.35 33.30 
23   19.04 2.90 5.49 27.43 
24   21.20 6.14 7.06 34.40 
24   22.57 1.76 6.12 30.45 
 
Table 13: Midden Phosphorus Concentration.   
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Unit  
Oxide P 
(µmol/g) 
Mineral P 
(µmol/g) 
Organic P 
(µmol/g) 
Total P 
(µmol/g) 
25   21.96 4.19 6.80 32.95 
25   14.35 2.35 5.39 22.08 
26   23.79 1.43 6.91 32.13 
26 Duplicate 24.04 1.20 6.43 31.67 
26   15.05 0.75 6.51 22.31 
28   21.94 0.69 11.77 34.40 
28   23.48 1.96 6.91 32.35 
 
Table 14: Non-midden Phosphorus concentrations.  These samples typically contained the lowest 
concentrations of phosphorus. 
 
 
Sample   
Oxide P  
(µmol/g) 
Mineral P 
(µmol/g) 
Organic P 
(µmol/g) 
Total P 
(µmol/g) 
offsite   15.88 1.30 4.85 22.09 
offsite duplicate 15.77 0.77 4.86 21.40 
 
Table 15: Off-site soil Phosphorus concentrations.  This sample was selected to identify the 
typical phosphorus concentrations in the area. 
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Organic Content and Carbon 
 LOI from samples varied between 4 – 27 wt % (Table 16, 17).  Before processing 
samples for organic carbon determination, carbonates were removed by acidification. One pit 
feature sample contained high amounts of carbonate, likely due to bone or shell fragments in the 
sample used.  This sample is not one of the two pit feature samples with carbon content.  Carbon 
concentrations are between 0.8 to 6.2 wt % for each sample (Table 18, 19; Fig. 27).  When 
comparing the carbon content between pit features, midden, and non-midden zones, a clear 
differentiation is not immediately apparent.  Pit feature carbon content appears slightly higher 
than midden and non-midden areas.  Two pit features samples, from features 10 and 30, 
contained more than 6 wt % carbon.  No midden, non-midden or offsite samples contained more 
than 2 wt % carbon.  Seven of the fifteen pit feature samples contained more than 2 wt % carbon. 
This variation was not predicted, but a difference among carbon content for these contexts can be 
distinguished.   
Ratios of organic carbon to total phosphorus, and organic carbon to organic phosphorus 
were calculated to understand the relationship between carbon and phosphorus (Table 20, 21).  
One feature contained multiple samples at specified levels, specifically sampled in this manner to 
observe variations within the pit feature.  Pit feature 20 contained three samples, one each at 20-
30 cm, 50-60 cm, and 60-70 cm depth.  To compare these three levels, organic carbon to total 
phosphorus ratios (Corg/Ptot) and organic carbon to organic phosphorus ratios (Corg/Porg) were 
compared (Table 20). For all three levels, phosphorus and carbon repeated the same pattern.  The 
50-60 cm level contained the most carbon and phosphorus, closely followed by the bottom level.  
20-30 cm contained less phosphorus and carbon than the other two levels.  It appears as if the 
middle of the pit contains more human-modified materials than the top or bottom, indicating 
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potential variations in trash deposition through the life of this particular feature.  Future 
excavations could include soil samples from 10 cm increments within the feature to illustrate 
trash deposition variation among features at the Northwood site. 
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Feature Depth Type Weight Loss % 
5   Pit 9.71 
9   Pit 10.93 
10   Pit 26.78 
17   Pit 6.92 
17   Pit 7.32 
20 20-30cm Pit 7.79 
20 50-60cm Pit 10.03 
20 60-bottom Pit 9.51 
22 10-20cm Pit 4.88 
22   Pit 8.66 
25   Pit 7.18 
26   Pit 8.10 
27   pit 6.20 
28   pit 9.14 
30   pit 15.52 
 
Table 16: Loss on Ignition results for pit feature samples.  Weight Loss percent represents total 
organic material lost. 
 
Unit   Weight Loss (wt %) 
offsite offsite 7.33 
23 midden 8.04 
23 midden 5.59 
24 midden 8.90 
24 midden 8.52 
25 non-midden 5.68 
25 non-midden 4.95 
26 non-midden 6.29 
26 non-midden 4.46 
28 non-midden 8.37 
28 non-midden 5.59 
 
Table 17:  Loss on ignition results for offsite, midden, and non-midden samples. 
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Figure 27: Carbon content (wt %) in the site zone samples.  Pit features generally contained more 
carbon than non-midden and midden samples. 
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  Unit Average Carbon (wt %) 
Midden 23 1.89 
  23 1.03 
  24 1.65 
  24 1.52 
Non-Midden 25 1.38 
  25 0.79 
  26 1.45 
  26 0.93 
  28 1.95 
  28 1.46 
Offsite off site 1.13 
 
Table 18: Midden, Non-Midden, and off-site samples carbon content (wt %). 
 
Feature Level  Average Carbon (wt %) 
5   2.69 
9   0.89 
10   6.00 
17   1.53 
17 50-60 cm 1.66 
20 20-30 cm 1.85 
20 50-60 cm 2.70 
20 60-bottom 2.70 
22 10-20 cm 1.20 
22  3.49 
25 20 cm 1.69 
26 20-30 cm 2.30 
27   1.28 
28   2.30 
30   6.18 
 
Table 19: Pit feature carbon content (wt%). 
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    Corg/Ptot (µmol/mol) Corg/Porg (µmol/mol) 
5 pit 11.63 260.91 
9 pit 16.11 102.97 
10 pit 17.87 791.69 
17 pit 21.33 159.48 
17 pit 15.70 158.72 
20 pit 16.99 170.05 
20 pit 10.89 202.11 
20 pit 10.35 181.63 
22 pit 32.00 181.69 
22 pit 11.85 338.88 
25 pit 15.31 151.53 
26 pit 18.72 200.00 
27 pit 25.12 161.60 
28 pit 9.10 204.64 
30 pit 179.55 792.89 
Table 20: Comparison between Corg/Ptot (µmol/mol) and Corg/Porg (µmol/mol) for pit feature 
samples.  This ratio allows for interpretation between carbon and phosphorus for all samples. 
 
    Corg/Ptot (µmol/mol) Corg/Porg (µmol/mol) 
23 midden 47.34 188.87 
23 midden 31.17 155.71 
24 midden 39.92 194.60 
24 midden 41.41 203.00 
25 non-midden 34.77 168.47 
25 non-midden 29.94 122.76 
26 non-midden 37.47 174.23 
26 non-midden 34.85 119.45 
28 non-midden 47.12 137.70 
28 non-midden 37.52 175.75 
offsite offsite 42.73 193.99 
Table 21: Comparison between Corg/Ptot (µmol/g) and Corg/Porg (µmol/g) for midden, non-midden 
and off-site samples.   
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Figure 28: Ternary diagram displaying the percent of each phosphorus fraction present in 
Northwood soil samples.  Sample context are identified by different symbols.  Pit feature 
samples have a much different range than non-midden and midden samples. 
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Figure 29:  Total phosphorus compared to organic carbon weight percent of each soil sample.  
Regression lines identify correlation between the two elemental concentrations.   
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CHAPTER 7 
 
DISCUSSION AND CONCLUSIONS 
 Data from the Northwood site allow interpretations of the spatial layout implemented by 
the Allison-LaMotte people.  Because the physical layout of these communities is still debated 
and not fully understood (Pace and Apfelstadt 1978; Redmond and McCullough 2000; Winters 
1967), every site provides additional data with which to address this question. The following 
chapter explores the ramifications of the results generated from multiple lines of scientific 
inquiry specifically as related to the questions posed in Chapter 4.   
Question 1: Magnetic Data 
 Research question one: What attributes of archaeological features contribute to the 
overall magnetic signal observed in the magnetic data?  Several aspects of the Northwood site 
were explored in order to obtain a better understanding of the magnetic properties of the site.   
While exploring magnetic susceptibility within the four main features (17, 20, 22, and 
26), fire-cracked rock and ceramic sherds were assumed to both provide high magnetic potential 
for detection by a magnetometer survey.  The high volume of FCR in this site should lead to high 
magnetic potential.  Ceramics provide far less bulk density in features, but may provide just as 
much magnetic potential as FCR.  To determine the impact both FCR and ceramics have on 
feature magnetism, both artifact classes were compared by examining their magnetic 
susceptibility to weight ratio.  These ratios indicate how much magnetism is generally produced 
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per gram of artifact.  FCR magnetism, observed in tables 5, 7, and 9, typically has small ratios.  
Feature 20 contains a layer with an FCR weight ratio of 0.183 S.I./g, whereas Feature 22 
contains a layer with a ratio as high as 6.85 S.I./g.  While ceramic sherds may have similar ratios, 
this artifact class may have ratios as high as 53 S.I./g.  Some features have higher magnetic 
susceptibility to sherd weight ratios, but some of those may be misleading.  However, these 
numbers indicate that ceramic sherds may have more of an impact on the total magnetic signal 
than fire-cracked rock.  Sherds account for a smaller mass, but their mass provides more 
magnetic potential than FCR.  The most likely cause for this observation is the variance in 
heating temperatures between ceramics and FCR.  Ceramics required heating to a very high 
temperature to successfully harden the clay.  This process intensifies the magnetism of ceramics.  
FCR, however, is probably not heated as high or as consistently as ceramics.   
Another consideration in Features 17, 20, 22, and 26 was the amount of magnetism 
present in feature fill soils.  Dalan et al. (2010) identified an important difference in magnetic 
susceptibility between disturbed and undisturbed soil in several historic cemeteries in the 
Midwest United States.  This discovery may be applied to the Northwood site.  Soil fill magnetic 
susceptibility was compared to that of FCR and ceramic sherds within each of the four 
specifically selected features.  On average, the fill soil contained a lower magnetic susceptibility 
than that of the FCR and ceramic sherds.  In other words, the organically enriched fill does not 
react as much when induced by a magnetic field than the two artifact categories.  Therefore, fill 
soil does not appear to have as much influence on magnetic data as FCR and ceramic sherds 
should (see below).  Some peaks occurred in several feature levels.  The Bartington sensor 
records magnetic susceptibility measurements in a small area/depth (2-3 cm, Dearing 1999), but 
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FCR or ceramic sherds, although not visible on the feature wall, may have been included in those 
magnetic susceptibility measurements. 
A final variable analyzed to determine sources of magnetic signal included depth and 
circumference of selected pit features (Table 11), which indicates a clear association of both 
depth and circumference exists with the highest magnetic signal of the feature as detected by the 
magnetometer survey.  Of the thirteen features selected for this examination, four had a magnetic 
reading of 5 nT or higher.  All four of those features had either circumference of over 300 cm, a 
depth of more than 100 cm, or both.  Depth and circumference dictate the overall size and 
capacity of features.  These four features with high magnetic readings also have high artifact 
storage capacity.  For the most part, diminishing artifact capacity (reduced depth or 
circumference) also diminishes the magnetic signal of each feature.  A few of the thirteen 
identified features do not follow this pattern and likely contain another factor influencing the 
feature magnetism. 
Separating which factors influence feature magnetism allows for the full interpretation of 
magnetic properties.  Factors identified as possibly contributing to feature magnetism include 
total feature contents, fire-cracked rock, ceramic sherds, depth of the feature, circumference of 
the feature, and background magnetism.  All of these factors could impact feature magnetism, 
but to differing degrees.  Based on this analysis circumference and depth influence the feature 
magnetism the most due to its ability to dictate the amount of soil and artifact fill contained in 
the feature   
Based on the magnetic susceptibility analysis ceramic sherds should be one of the 
strongest contributors of magnetic signal in the feature.  Based on its weight and its high 
potential for magnetic induction, this artifact class should greatly influence the magnetometer 
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survey.  FCR should also provide a high magnetic signal.  Based on its weight to magnetic 
susceptibility ratio, FCR does not contribute as much magnetic signal to the magnetometer 
survey as ceramics.  However, FCR accounts for a large amount of artifact weight at the 
Northwood site.  This fact may influence the entire contribution FCR gives to feature magnetism.   
However what is actually in each feature seems to have little effect on the overall 
magnetic signal, as no correlation was found between the surface magnetic signal and the 
contents of features.  A more thorough investigation of the magnetic signal deciphered in the 
magnetometer survey may assist in understanding this issue.  For this study, the maximum nT 
value for each feature was used, which may provide only a small portion of the total magnetic 
value of each feature.  The sum of the magnetic signal from each feature may correlate better 
with artifact material present. 
Question 2: Ground Penetrating Radar 
Can ground penetrating radar detect anomalies in the areas the magnetometer failed?  
First, locating the plaza on the GPR plan map is important to indentifying the relative location of 
any possible features.    Clipping the data to 70% transparency at a depth of 0.5 m shows a quiet 
zone in a location approximately congruent with the plaza indicated by the magnetometer survey.   
The GPR data also identified pit feature anomalies in areas where presumed historic 
activity masked prehistoric features or where inaccessible to the magnetometer. During data 
collection, the GPR was capable of reaching areas the magnetometer was unable, specifically 
near a large brush pile in the southwest corner of the site, as well as small GPR grids near the 
tree line along the southern site margin (Fig. 20).  The final GPR map identifies multiple 
anomalies, especially along the western side of the site.  This area was not successful in the 
magnetometer survey due to historic disturbance altering the magnetic signal in much of that 
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area.  Potential features will need to be ground-truthed to confirm their presence. The GPR 
survey was finally successful in identifying features where the magnetometer failed, improving 
the quality of site spatial interpretation.  
Question 3: Geochemistry 
 Will geochemical analysis of soil confirm the location of the residential area and plaza as 
outlined by magnetic data?  Based on the geochemical results, a clear differentiation can be 
drawn between the three use zones. 
 The phosphorus data revealed the most regarding the spatial organization of the 
Northwood site.  On average, pit features had higher phosphorus concentrations than midden and 
non-midden (plaza) areas.  Moreover, the fractionation observed between the three site areas 
demonstrates interesting facts about habitation.  In newer soils, mineral phosphorus accounts for 
the majority of extractable phosphorus.  Eventually, oxide-bound phosphorus and organic 
phosphorus become more abundant than mineral phosphorus (Filippelli 2008).  Soil samples at 
the Northwood site demonstrated this very well.  When all soil samples are compared on a 
ternary plot (Fig. 31), a clear pattern emerges.  A large majority of pit feature samples contain 
50-80% mineral-bound phosphorus, 20-40% oxide –bound phosphorus, and 1-10% organic 
bound phosphorus. Based on comparison with Figure 2, this soil appears to be very immature.  In 
other words, humans digging these pits and putting in other material restarted soil development 
in pit features.   
Unlike pit feature soils, non-midden (plaza) and midden samples contained small 
amounts of mineral-bound phosphorus.  Non-midden and midden samples seemed to cluster 
together around 60-80% oxide-bound phosphorus, 1-20% mineral-bound phosphorus, and 20-
30% organic phosphorus.  Comparing these samples to Fig. 2 suggests these soils are somewhat 
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more mature than the pit feature soil.  Midden and non-midden soil samples mainly consist of 
soil already there when the Allison-LaMotte people began inhabiting the Northwood site.  
Although the fractions of phosphorus are similar between non-midden and midden samples, the 
total concentration of phosphorus is slightly higher in midden samples than non-midden samples.  
This occurs due to human disposal in the midden areas creating evidence for human impact on 
the soil.  Human interaction with non-midden samples should be minimal.  When compared to an 
off-site sample taken to obtain baseline chemistry for the area, non-midden samples closely 
resemble the off-site phosphorus fractionation and concentration. 
Carbon content may provide another indicator of human activity variation among pit 
features, non-midden, and midden areas.  Although some pit feature samples contained a higher 
percentage of carbon than midden and non-midden samples, the initial interpretation is that 
carbon differences across the site were insignificant.  However, comparisons between 
carbon:phosphorus ratios reveal patterns (Table 20 and 21).  Midden and non-midden samples 
are clustered on this graph around low carbon and low phosphorus concentrations.  However, 
most pit feature samples show an increase in carbon content as phosphorus concentration 
increases.  This important find demonstrates there is a correlation between carbon and 
phosphorus in pit feature soil samples.  Some samples do not follow this pattern and contain 
much higher carbon than other samples, possibly caused by the inclusion of shell or bone 
fragments in the soil sample. What about the samples within the pit? 
Loss on ignition (LOI), a method of identifying organic matter used in this study, 
identifies the amount of organic material in soil samples.  All midden, non-midden, and offsite 
samples contained less than 10 wt% organic matter.  While some pit feature samples also 
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contained less than 10 wt% organic matter, four samples contained 10-27 wt%.  In general, pit 
features contained more organic matter than other site locations, which follows expectations.   
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CHAPTER 8 
 
SUMMARY 
 Archaeology is a destructive science, so scientists look to multiple lines of evidence to 
confirm a site location and spatial layout.  Geophysical surveys are often employed to examine 
these aspects before beginning invasive excavation.  Magnetic methods such as magnetometer 
surveys, magnetic susceptibility, and magnetic resistivity are often popular choices of 
archaeologists.  Ground Penetrating Radar is also a commonly used geophysical technique.  
During excavation, tools such as magnetic susceptibility allow scientists to add another layer of 
data to excavation results.   
 Magnetic data for this study included the magnetometer survey and feature content 
magnetic susceptibility.  These two factors were compared, along with feature contents.  Based 
on the magnetic susceptibility analysis fire-cracked rock and ceramic sherds were the main 
sources of magnetism in features, with ceramic sherds likely accounting for the most magnetic 
potential by weight.  FCR consisted of a majority of the feature contents, making it a large 
contributor of magnetic potential.  However, possibly the largest factor in feature magnetic 
potential as identified by this study was the feature’s depth and circumference.  When compared 
to the magnetic signal provided by the magnetometer survey, depth and circumference correlated 
well.  Higher depth and/or circumference most often lead to higher magnetic signal.  In sum, 
depth and circumference influenced magnetic signal the most, and contrary to expectations 
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feature contents did not.  GPR mapping exhibits a quiet zone in a location approximately 
congruent with the plaza indicated by the magnetometer survey.  The GPR survey was also able 
to detect potential features in the southwest area of the site where the magnetometer survey was 
effected by historic disturbance as well as extending the geophysical survey area to the southeast 
portion of the site not covered by the magnetic survey.  
Geochemical analysis included detailed phosphorus geochemistry, loss on ignition, and 
carbon analysis on samples selected from various depositional contexts at the Northwood site.  
Phosphorus revealed that pit features not only contained more phosphorus than midden, non-
midden (plaza), and offsite samples, but pit feature samples also contained very different 
phosphorus fractionation.  This variation in fractionation reveals a difference in soil development 
between pit features and other contexts.  Carbon analysis showed a minimal increase in carbon 
among pit feature samples, but when compared to total phosphorus concentration, carbon shows 
a definite pattern.  As phosphorus concentration increases, so does carbon concentration.  Loss 
on ignition revealed an increase in organic matter in pit feature samples.   
 The data set collected through multiple analyses contributes to the overall interpretation 
of the Northwood Allison-LaMotte site.  Through magnetic studies, GPR surveys, and 
geochemical processes, conclusions may be made about spatial patterns.  The initial 
magnetometer survey identified a plaza zone surrounded by a habitation zone consisting of pit 
features and post molds.  GPR was consistence with a plaza zone, and may have identified new 
features confirming the habitation area in places the magnetometer could not detect prehistoric 
features.  Feature size contribute greatly to the magnetic signal detected in the magnetometer 
survey and help confirm the position and threshold of yet unexcavated features at the Northwood 
site.  Geochemistry also helps identify the variation throughout the site, adding another 
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confirmation to the site layout.  The numerous soil samples selected from the Northwood site 
reflected different spatial areas within the site.  Pit features, areas which represent the majority of 
trash generation within the habitation area, reflect much higher concentrations of phosphorus and 
organic matter than other samples.  Midden areas, which also reflect the population’s trash, did 
not demonstrate as high of chemical variation with non-midden samples.  This observation 
relates to the destruction of the midden during more recent human activities.  Plow zone 
disturbances due to more recent crop cultivation destroyed all but a small lens of the midden 
zone.  The geochemical processes in this study clearly delineate differences in this site’s spatial 
layout.  In all, evidence collected through multiple analyses indicates a circular plaza surrounded 
by a circular habitation area at this Middle Woodland site. 
Significance  
 This study builds on similar studies in the use of geophysical prospection methods and 
soil geochemistry to identify a site spatial layout at the site of a short-lived, geographically 
confined culture.  However, this study deviates from some of the typical applications and 
methods of other studies.  Magnetic methods have been implemented for several decades; 
however, few studies parse out the sources of magnetic signal based on feature contents and 
characteristics.  Phosphorus extractions have also been used in many archaeological studies.  
This study implements an extraction method designed specifically by phosphorus geochemists to 
most effectively extract soil phosphorus.  All aspects of this thesis add valuable confirmation to 
already published archaeological inquiries. 
Future Work 
 Excavations on the Northwood site are far from complete.  During the excavation of 
future features, magnetic susceptibility should be collected on feature profiles and feature 
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contents.  Multiple soil samples should be collected per feature to examine phosphorus and 
carbon variability stratigraphically within pits, as well as potentially other elemental analysis.  
GPR data may potentially be collected in other portions of the site, specifically on the portion 
south of the tree line to more precisely establish the southern boundary of the site.  In the event 
of continued GPR data collection, transects should be collected on 25 cm increments rather than 
the 50 cm increments collected for this study.  This will provide better resolution and potentially 
identify more features. 
 The magnetometer data may potentially reveal a better correlation with feature fill If each 
feature the sum of magnetic reading within the feature were analyzed rather than the maximum 
magnetic value used in this study.   
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APPENDIX A: SEQUENTIAL EXTRACTION DETAILED METHOD  
The SEDEX method (Ruttenberg, 1992; Anderson and Delaney, 2000) involves four 
steps to extract phosphorus bound in oxide, mineral, and organic phases.  The first step takes a 
minimum of ten hours and extracts oxide-bound phosphorus.  For this, 10 mL of citrate 
dithionite bicarbonate (CDB) was added to ~0.1 gram of sample in new 15 mL polyethylene 
centrifuge tubes.  Once the solution was added, the samples were agitated to ensure minimal 
clumping and placed on a shaker table for 6 hours.  Then, samples were centrifuged for a 
minimum of 10 minutes to remove suspended particles from the liquid.  The aliquot was then 
decanted into acid-cleaned 30 mL HDPE bottles labeled appropriately for each sample.  10 mL 
of magnesium chloride (MgCl2) was then added to the centrifuge tube, agitated, then shaken for 
2 hours.  The samples were then centrifuged, and the aliquot decanted in its appropriate HDPE 
bottle.  Finally, 10 mL of Milli-Q water was added to each sample, shaken for 2 hours, 
centrifuged, and decanted.  This first step produces a total of 30 mL of aliquot containing the 
oxide-bound soil phosphorus. 
Steps 2 and 3 of the sequential SEDEX method both extract mineral phosphorus.  Step 2 
begins with adding 10 mL of sodium acetate buffered to a pH of 4 to the same sample-filled 
centrifuge tubes used in Step 1.  These samples are then agitated and degassed by loosening the 
caps.  Once all the gas has been removed, the samples were shaken for 5 hours, then centrifuged 
for a minimum of 10 minutes, and decanted into empty, acid-cleaned 60 mL HDPE bottles.  
Following that, 10 mL of MgCl2 was added to the samples, then shaken for 2 hours, centrifuged 
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and decanted.   A second MgCl2 rinse followed the first.  The final part of Step 2 involves a 2 
hour rinse with Milli-Q water.  All four parts are added to an HDPE bottle labeled for each 
sample, producing a total of 40 mL of aliquot to analyze for Step 2.  Step 3, also extracting 
mineral phosphorus, involves one part.  10 mL of 1M hydrochloric acid was added to each 
centrifuge tube containing sample, agitated, and shaken for a total of 16 hours.  The samples 
were then centrifuged and the aliquot decanted into a new HDPE bottle.  Steps 2 and 3 were 
extracted and analyzed separately, but the results were added together to produce the mineral 
phosphorus fraction. 
Step 4 extracts organic phosphorus from the soil samples.  The samples in the centrifuge 
tubes were flushed into acid-cleaned porcelain crucibles using Milli-Q water.  The samples were 
then dried in an oven.  After the water was removed, 1 mL of 50% (w/v) of MgNO3 was added to 
each crucible and dried again.  The sample-containing crucibles were then ashed in a muffle 
furnace at 550°C for 2 hours.  When the samples were finished cooling, the remaining ashed 
sample was transferred to new centrifuge tubes, 10 mL of 1M HCl added to each, and shaken for 
16 hours, then centrifuged and decanted into clean HDPE bottles. 
The Molybdate Blue method (Strickland and Parsons 1972) was used to analyze the 
aliquots from each step.  Steps 2, 3, and 4 required no additional alteration before using this 
analysis method.  In clean polyethylene centrifuge tubes, 1 mL of sample was added to 9 mL of 
Milli-Q water to dilute samples to be within detection limits.  1 mL of color developing reagent 
(CDR) was added to each sample. The centrifuge tubes were then capped, gently shaken by hand 
to mix the solution, and allowed to develop color for a minimum of 30 minutes in a dark cabinet.  
Standards of 0µL, 2µL, 4µL and 8µL of phosphorus were also prepared with blank sample and 
Milli-Q water in a 1:10 ratio and 1 mL of CDR added.  A Shimadzu-UVPC spectrophotometer 
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was used to analyze the resulting mixtures to determine phosphorus content.  Standards were run 
first to calibrate the spectrophotometer.  Samples were run individually on the 
spectrophotometer, with a clean rinse in between each sample. 
Step 1 aliquots required additional treatment before completing the Molybdate Blue 
procedure.  In labeled, clean borosilicate vials, 0.2 mL of 50% (w/v) of MgNO3 was added prior 
to incorporating 5 mL of Step 1 supernatant.  5 mL of 12M HCl was then added 1 mL at a time 
to prevent gaseous explosion.  Each sample was then dried on a hot plate at approximately 150°C 
until all liquid evaporated.  Vials of dried sample were then ashed in a muffle furnace at 550°C 
for 2 hours.  After cooling for several hours, the vials each received 10mL of 1M HCl and 
shaken for an additional 16 hours.  Once this process was completed, Step 1 samples could be 
analyzed with the Molybdate Blue method as described above.     
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APPENDIX B: X-RAY FLUORESCENCE RESULTS 
 Although not a part of the thesis analysis all twenty-six soil samples from the Northwood 
site were subjected to X-Ray Fluorescence (Portable Niton XL3t XRF Analyzer) elemental 
detection. The data from this analysis are presented in this appendix for future research. To 
accomplish this, soil samples were crushed and transferred to small plastic cups with a thin 
plastic lens.  The sample cups were then individually analyzed by the XRF instrument by placing 
the sensor over the thin plastic lens.  This process provided additional elemental concentration 
information not provided by phosphorus extraction, loss on ignition, or carbon extraction.  The 
XRF detector identifies concentrations of more than 30 elements including iron, potassium, zinc, 
titanium, uranium, and mercury in each sample.  Detection limits hinder the ability for many 
elements to be properly quantified in some soil samples.  For the Northwood site, few elements 
were detected in sufficient levels to report.  Lead, Sulfur, Uranium, Mercury, Gold, and Silver 
are a few of the elements existing below detection limits in most if not all samples collected from 
the Northwood site. Potassium, Calcium, Iron, and Titanium are elements in detectable 
quantities.  These elements are graphed below. 
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Figure 30: Calcium concentration based on XRF analysis.  No sample exceeds 200,000 ppm. 
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Figure 31:Potassium concentration based on XRF analysis.   
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Figure 32: Iron concentrations based on XRF analysis. 
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Figure 33: Zinc concentration of Northwood soil samples based on XRF analysis. 
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Figure 34: Titanium concentrations based on XRF analysis. 
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Figure 35: Tin concentration based on XRF analysis. 
 
 
 
 
 
 
 
